強磁性金属薄膜における電流による磁壁ダイナミクスに関する研究 by DUTTAGUPTA  SAMIK
Current-Driven Dynamics of Magnetic Domain
Wall in Ultrathin Metallic Structures
著者 DUTTAGUPTA  SAMIK
学位授与機関 Tohoku University
学位授与番号 11301甲第17195号
URL http://hdl.handle.net/10097/00096962
           
氏 名          DUTTAGUPTA SAMIK 
研究科，専攻の名称 東北大学大学院工学研究科（博士課程）電子工学専攻 
学 位 論 文 題 目           Current-Driven Dynamics of Magnetic Domain Wall in Ultrathin 
Metallic Structures（強磁性金属薄膜における電流による磁壁ダイナミクスに関する研究） 
論 文 審 査 委 員          主査 東北大学教授 大野 英男 東北大学教授 白井 正文 
             東北大学教授 新田 淳作 東北大学准教授 深見 俊輔 
                               
要 約 
 
 Magnetic domain-wall (DW) motion in ultrathin film magnetic structures have gained attention for their 
prospective application for spintronic devices. A DW in a ferromagnet represents the transition region 
between two magnetic domains with different magnetization directions. The motion of DW in out-of-plane 
magnetized thin films can be controlled by magnetic field and current and serves as promising candidates for 
low-power spintronic devices. With the possibility of realization of these new generation spintronic devices, 
understanding of the factors which determine the stability, data retention and the performance of DW motion 
needs to be addressed. Current offers a more practical route for the manipulation of DW rather than magnetic 
field for their use as memory elements due to the scalability. Thus, it is important to quantify the interaction of 
DW with current which are more commonly referred to as spin-transfer torques. Interestingly, both the DW 
configuration and interaction of DW with current in out-of-plane magnetized systems depends on the 
existence of additional interactions arising from spin-orbit interaction and symmetry breaking at interfaces. 
This interaction referred to as Dzyaloshinskii-Moriya interaction enables efficient DW motion in out-of-plane 
magnetized systems with a velocity much larger than the case where the spin-transfer torque adiabatically 
drives the DW. Thus, investigation of DW configuration and the nature of interaction of current with DW are 
crucial issues which should be addressed for the successful implementation of DW-motion memory devices 
and also from the viewpoint of fundamental understanding. 
In chapter 1, the basic outline for the background and motivation of the proposed investigation on 
DW-motion properties of polycrystalline metallic thin films is provided. 
In chapter 2, the basic physics governing the dynamics of DW motion are described. The application of 
forces to a magnetic DW results in several dynamical behaviors depending on the magnitude and nature of 
the force. For small applied forces, an interesting regime of DW motion is observed which is called creep 
regime. The velocity-force characteristics in the creep regime follows a power-law scaling relation and 
  
enables a unique way for the understanding of several interactions which govern magnetic DW dynamics in 
out-of-plane magnetized systems.  In this thesis, DW creep motion has been utilized for two purposes: 
understanding of the nature of interaction of DW with magnetic field and current in out-of-plane magnetized 
systems and investigation of the DW configuration under strong spin-orbit interactions. The first part deals 
with the interaction of DW with magnetic field and current which has been a longstanding issue in the context 
of magnetic metallic systems. The basics of the nature of interaction and the previous experimental and 
theoretical investigations has been summarized. This part concludes with the identification of the open 
questions requiring further investigations which has been studied in detail in the successive chapters. Recent 
investigations have revealed that in systems with strong spin-orbit interactions, DW dynamics and in 
particular DW configuration could be entirely different as compared to the conventional Bloch DW 
configuration. This interaction, called Dzyaloshinskii-Moriya interaction (DMI), favors orthogonal alignment 
of neighboring spins, causing stable Néel domain walls of well-defined chirality. In the second part of this 
chapter, we review the basics of DMI and discuss the relevance of DW creep motion for the quantification of 
the DMI in out-of-plane systems with strong spin-orbit interactions. This section is concluded with the open 
questions which needs further investigations. Finally, this chapter is concluded with the measurement 
techniques used for the experimental work in this thesis. 
In chapter 3, the slow motion of DW under the action of two different driving forces; magnetic field and/or 
electric current, has been investigated. This regime is the well-known creep regime and is a general 
phenomenon observed in nature. DW velocity in this regime obeys a scaling relation with respect to driving 
forces manifesting into universality classes representing the core dynamics of motion. It is shown for the first 
time that in a metallic system Ta/CoFeB/MgO, the universality classes for DW motion driven by magnetic 
field and current are different. This indicates that the nature of interaction of DW with magnetic field and 
current are different in metallic system. It turns out that this difference originates from the different nature of 
the torque acting on the DW, and for the case of current-driven creep the universality class is determined 
irrespective of the intricacies of material disorder unlike the case for field-driven creep. Further investigations 
reveal that the major driving force for current-induced DW creep can be attributed to the adiabatic 
spin-transfer torque and thus the obtained universality class has been identified as the universality class for 
adiabatic spin-transfer torque.  
In chapter 4, the static configuration of DW under Dzyaloshinskii-Moriya interaction (DMI) in out-of-plane 
magnetized systems has been investigated. It has been established that for sufficiently large DMI, the Bloch 
configuration of DW can be completely transformed into Néel configuration due to the longitudinal effective 
field from DMI acting on DW. The configuration of DW has severe effects on the current-driven dynamics of 
DW and forms an important regime of study. Both the slow motion of DW or creep motion and the fast 
motion of DW or flow motion can be used as a tool for the quantification of DMI. While for some cases, the 
evaluation of DMI from these two regimes agree, other investigation show marked differences indicating the 
requirement of the investigation of the underlying mechanism. For the investigation of this discrepancy, I 
compare the experimental results from two different material systems: W/CoFeB/MgO and Pt/[Co/Ni] which 
provides a unique situation due to the difference in the nature of the pinning strengths experienced by DW. I 
show that the quantification of DMI from the creep motion of DW, which requires much less time and careful 
setup, provides reliable information only when pinning strength is small. On the other hand, the fast-motion 
technique is insensitive to such requirement and can be utilized for wider variety of cases irrespective of the 
details of the sample. 
In chapter 5, the summary and conclusions obtained from my study are provided.  
To summarize, this work clarifies the versatile ability of the DW creep as a tool to study the nature of DW 
configuration and its interaction with the applied external forces (magnetic field, current). Since the creep 
motion obeys a universal law, the established technique can be easily extended from one material system to 
another. The characterization of the nature of DW and the interaction of DW with various driving forces are 
important issues for DW motion, and creep motion offers a stable and robust technique for settling these 
issues. Thus, the obtained insight is expected to promote the understanding of the physics of DW and its 
device applications. 
 
